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Lewis acids have been a cornerstone in modern organic synthesis, but the use of silicon 
Lewis acids has not received as much attention. Silicon Lewis acids have unique features that 
differ from some typical metal catalysts.  Some of these properties include good solubility in 
organic solvents, decreased likelihood for ligand exchange, and decreased toxicity.  These 
differences make the use of silicon Lewis acids a versatile tool for organic synthesis. There is a 
great deal yet to explore about silicon Lewis acidity and silicon Lewis acids and from that two 
main projects arose in order to further study these concepts. 
Preparation of a small library of silyloxybenzaldehydes allowed for the design of a 
chemical probe to investigate if the groups have any influence on the neighboring carbonyl 
group. The most common use for silicon in organic chemistry is where some trialkyl silicon 
moiety serves as a protecting group.  This probe looks to rethink the current silicon protecting 
group archetype.  Taking concepts learned from this chemical probe and from literature it is 
proposed that a novel silicon Lewis acid scaffold can be constructed.  This silicon Lewis acid 
scaffold would be easily modifiable and tunable and have great potential on future catalyst 
design.
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DCM   dichloromethane 
DBU   1, 8-diazabicycloundec-7-ene 
DMSO   dimethylsulfoxide 
FCC   flash column chromatography 
HOBt   1-hydroxybenzotriazole 
HOMO  highest occupied molecular orbital 
HSAB   hard soft acid base  
IR   infrared 
LAH   lithium aluminum hydride 
LUMO  lowest unoccupied molecular orbital 
NaBH4   sodium borohydride  
NaCNBH3  sodium cyanoborohydride 
NMR   nuclear magnetic resonance 
NOE   nuclear Overhauser effect 
NOE-DIFF  nuclear Overhauser enhancement difference 
NOESY  nuclear Overhauser effect spectroscopy 
TBAF   tetra-n-butylammonium fluoride 
TBDPS  tert-butyldiphenylsilyl 
TBS    tert-butyldimethylsilyl 
THF   tetrahydrofuran 
TIPS   triisopropylsilyl 
TMS   trimethylsilyl 
INTRODUCTION 
 
Lewis acid is a term that was published in 1923 by Gilbert Lewis.   From his work he 
stated that an acid is a substance which can utilize an electron lone pair from another molecule in 
completing the stability of one of its own atoms.
1
 A more modern definition of a Lewis acid is 
defined as a molecule that is an electron-pair acceptor and therefore reacts with a Lewis base.  





Figure 1: Lewis acid-base adduct. 
Hard and soft Lewis acids (and bases) (HSAB) theory published in 1963 is a way to 
classify Lewis acids and bases.
3
 Lewis acids and bases can be classified according to their 
hardness or softness of the metal atom.  Hard implies small and non-polarizable whereas soft 
indicates larger atoms that are more polarizable. In this theory, the strength of adduct formation 
is predicted based on two key concepts that hard acid–hard base interactions are stronger than 
hard acid–soft base and secondly that soft acid–soft base interactions are stronger than soft acid–
hard base interactions.
4





copper, palladium, zinc, iron, and silicon.
5
  Lewis acidity of cations has been directly related to 
their charge and inversely related to their size. Cations with more positive charges have a greater 





Figure 2: Common Lewis acid metals. 
New research is always targeting more selective and more versatile catalysts.  With small 
modifications to current Lewis acids more uniquely designed Lewis acids can arise from this 
research.
7 
  For example, making a more reactive Lewis acid species can be achieved with the 
addition of more electronegative ligands attached to the metal (Figure 3).  Shifting from chlorine 
to a triflate substituent on the metal can withdraw electron density from the central metal atom 
making it more Lewis acidic.
8
  Even more reactive Lewis acid catalysts can be generated with 
the combination of Lewis acid-Lewis acid or Lewis acid-Brønsted acid combinations.  The most 
well-known HF-BH3 and HCl-AlCl3 have been widely used in organic synthesis as combined 
Lewis acid reagents.
9
  Much stronger acid systems have been generated by using pentafluoro 
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H+, Li+, Na+, K+, Al3+, 
Mg2+, BF3, B(OR)3, AlCl3 
Fe2+, Co2+, Cu2+, 
Zn2+, Pb2+, Sn2+ 
Cu+, Ag+, 






Figure 3: Increased electronegativity of ligands. 
Even though there are a wide variety of Lewis acids with varying reactivity, 
fundamentally, Lewis acids interact in the same way via frontier orbitals, i.e. the HOMO (highest 
occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital).  A Lewis base 
with an electron pair in its HOMO will interact with the LUMO of the Lewis acid.  The closer 
the two orbitals are in energy, the stronger the bond in the adduct and furthermore if there is a net 
lowering of energy upon adduct formation then the complex is deemed stable.
11
 In the example 
seen in Figure 4 an electron deficient metal withdraws electron density away from the carbonyl 
(Lewis base site).  This makes the carbonyl susceptible to an attack by a nucleophile completing 
the organic transformation.   
 
Figure 4:  Lewis acid/ Lewis base complex. 
A typical catalytic cycle mediated by a Lewis acid is shown in Figure 5. First, an adduct 
is formed by coordination of the Lewis acid with a Lewis base. Typically Lewis basic sites 
consist of one or more hetero atoms within a molecule. Next, the Lewis basic site is activated by 






of the molecule, making it more susceptible to nucleophilic attack. After the chemical 
transformation has completed, the Lewis acid-product complex dissociates recycling the catalyst 









Figure 5 General Lewis acid catalytic cycle. 
Among Lewis acid catalyzed reactions, Diels-Alder reaction have probably been the most 
studied.  The Diels-Alder reaction is very useful in the construction of six-membered systems 
with good stereochemical control.
14
  The Diels-Alder reaction, [4+2] cycloaddition, is a 









Chiral Lewis acids are a unique type of Lewis acid that can be utilized in asymmetric 
synthesis of organic compounds.  These asymmetric reactions can produce a single enantiomer 
from optically inactive or impure starting materials. A few of the most common electron 
accepting atoms of these Lewis acids are zinc, boron, aluminum, and titanium.  Chiral ligands 
employed for synthesizing chiral Lewis acids most often have multiple Lewis base sites.
15,16  
Chiral Lewis acids have been used to induce enantioselectivity in many reactions the most 







Figure 7: Asymmetric Diels-Alder reaction. 
 
The most common use for silicon in organic chemistry is as a protecting group.
19, 20, 21
 
These silyl protecting groups are ideal for protic moieties such as alcohols (Figure 8). These 
silicon groups are stable over as wide a variety of reaction conditions and at the same time 
selectively removable in the presence of other functional groups (including other protecting 
groups). While no single silyl group can fulfill all of these conditions, the available assortment of 
silicon-based protecting groups can offer viable answers to a variety of protection-deprotection 








Figure 8: Silicon utilized as a protecting group. 
Compared to the study of other Lewis acids, organosilicon compounds being used as 
Lewis acids is still a relatively new idea.
23
 A unique aspect of silicon chemistry is that its 
hypervalent nature allows for the simultaneous bond making and breaking by coordination of a 
Lewis base and a substrate.
24
 Silicon is conventionally associated with similar tetravalent 
compounds in the same group such as carbon.  However, silicon has vacant d-orbitals, which can 
allow for this formation of a hypervalent silicon species whereas carbon does not.
25
 (Figure 9) 
 
Figure 9: Silicon hypervalency. 
When going from 4 to 5-coordinate, the silicon atom displays an increase in the 
electropositive characteristic.  This increase in electropositive nature of the silicon increases the 
Lewis acidic properties of the silicon atom and makes it much more reactive.  When going from 
5 to 6-coordinate silicon another ligand is added, however the silicon is no longer able to accept 
an electron pair from another species and therefore no longer Lewis acidic.
26
 
This idea of hypervalency is seen throughout many different reactions in organic 
chemistry.
27




silyl group deprotections.  In these deprotections nucleophilic attack of the small fluoride anion 
leads to a pentavalent silicon center which is allowed due to hybridization with the vacant d-
orbitals of silicon. In addition, the formation of the super strong Si-F bond is the driving force for 
a fast cleavage.  This formation of strong covalent bonds at the expense of weaker ones is one of 




Figure 10: Removal of silyl protecting group with TBAF. 
Denmark et al. have demonstrated in various publications increased silicon Lewis acidity 
through the use of strained silacycles.
29,30
 Non-ideal bond angles can destabilize the ground state 
of a Lewis acid, increasing their energy compared to a compound with larger bond angles 
(Figure 11). At the same time, the strained angle decreases the energy of the transition state thus 
making it more reactive.
31
 The 4-coordinate silicon is strained through the incorporation of a ring 
system, the angle between the A and B ligands would be expected to be about 109.5
o
 however 
this is not the case and the angle is approximately 90
o
 straining the silicon atom.  The 
incorporation of a 5th ligand releases the strain on the silicon and the angle of the A and B is 90
o
 









Figure 11: Strain-induced Lewis acidity. 
Although these modifications increase the Lewis acidity of the silicon atom, they make 
organosilicon compounds moisture-sensitive and much more reactive.  Despite the large amount 
of modification needed to activate a silicon atom to serve as a useful catalyst, silicon has many 
advantages that make it a good option for catalyst design. 
 Many complex organic reactions require stereoselective transformations and there is an 
increased demand for catalysts to complete such reactions.
33
  Organosilicon compounds have 
brought attention to the development of new Lewis acids because they can perform well as 
homogeneous catalysts in common organic solvents.  Some current metal halide Lewis acids can 
frequently undergo aggregation or ligand exchange making difficult to control the reaction.
34
  
One type of reaction that uses silicon-based Lewis acids is the Sakurai reaction.  This is a 




 in the presence of Lewis acids.  
Lewis acid activation is essential for completion of this reaction so normally a strong Lewis acid 
is required.
37
  TMSOTf in this case is not suitable so a more reactive Lewis acid is required such 
as Me3SiB(OTf)4.  With small amounts of this highly reactive Lewis acid aromatic, aliphatic, and 
sterically hindered aldehydes can undergo the Sakurai reaction (Figure 12) to obtain high yields 










Figure 12: Sakurai reaction. 
Silicon not only plays an instrumental role in various synthetic intermolecular reactions 
but also in intramolecular rearrangements as well. The most well known of these rearrangement 
reactions is called the Brook rearrangement, named after Adrian Brook (Figure 13).
39
  The 
mechanism for this rearrangement starts with proton abstraction of the hydroxyl group by a base. 
The proposed transition-state is a three-membered ring with the formation of the Si-O bond in 
combination with the Si-C bond breaking. The additional electron pair is now transferred from 
oxygen to a carbanion which removes a proton from a proton source to form a silyl ether. 
 
Figure 13: Mechanism for Brook rearrangement. 
The need for green chemistry in Lewis acid catalyzed reactions arises from procedures in 
which conventional Lewis acid-catalyzed reactions require additional steps to destroy the acid-






decomposition of the catalyst, making its reuse impossible and moreover, producing undesired 
wastes.
40
  This loss in catalyst turnover ultimately leads to excess amounts of catalyst needed to 
complete the desired transformation.  With this increased amount of catalyst required waste 
generation will also increase and that become significantly problematic when toxic Lewis acids 
are being used. 
41 
 A brief example that illustrates the need for environmentally friendly Lewis acids is the 
preparation of alkoxyphenylketones (Figure 14).   These compounds are useful synthetic 
intermediates for the preparation of agrochemicals and pharmaceuticals. They can be obtained 
via Friedel-Crafts acylation of a phenyl ether with an acyl chloride in the presence of a Lewis 
acids such as ZnCl2 in CH2Cl2.  These ketones can be in turn converted into carboxylic acids via 
simple oxidation. The whole process produces a considerable amount of inorganic byproducts 
and requires the use of halogenated organic solvents, oxidants, catalysts. Clearly this process is 
unsatisfactory, from viewpoint of green chemistry, and new processes/ catalysts need to be 





Figure 14: Industrial procedure to access substituted benzoic acids. 
Silicon Lewis acids have unique features that typical metal catalysts do not contain such 
as good solubility in organic solvents, decreased likelihood for ligand exchange, and decreased 




from here two main projects arose in order to further study silicon Lewis acidity and its use as a 
potential catalyst.
Chapter I:  INVESTIGATION OF LEWIS ACIDITY  
 
 In organic synthesis, silicon is often used as a simple protecting group and then removed.   
This project aims to probe whether silyl groups are influencing nearby functionalities in ways 
that were previously not considered, or if silyl protecting groups are inert moieties.     
For example, with these ortho-siloxybenzaldehydes it is proposed that three possible low 




Figure 15: Proposed low energy conformations of siloxybenzaldehydes. 
The first conformation contains a potential silicon-oxygen dative bond.  The second 
conformation possible is where the silyl group is pointing away from the carbonyl oxygen.  The 
third possible conformation is where both the silyl group and the carbonyl are facing away from 
each other, removing any potential silicon-oxygen dative bond formation. With these three 
unique conformations, being in equilibrium, determination if a single conformation predominates 




The development of a chemical probe may help to elucidate a preferred low-energy 
conformation.  For example, if the siloxybenzaldehyde occupies the first conformation the 
carbonyl will display enhanced electrophilic properties.  This enhancement would make it more 
susceptible to substitution chemistry than if it were in the second or third conformations. 
For these ortho compounds it is hypothesized that sterics will mainly govern the 
conformation that the silyloxy benzaldehydes take, however that may not be the only factor.  
One conformation also contains a potential silicon-oxygen dative bond which may prove 
influential.  In addition to studying ortho-siloxybenzaldehydes, para-siloxybenzaldehydes were 
also studied.  By moving the silyl group the steric effects of the alkyl group on the neighboring 
carbonyl will be removed. Also in the para-substituted compounds the potential for a silicon-
oxygen dative bond to form has been removed and solely the inductive effects of the silyl group 
will influence the carbonyl. 
Both ortho-siloxybenzaldehydes (Figure 16) and para-siloxybenzaldehydes (Figure 17) 
needed to be prepared to begin the study.  These compounds were easily synthesized via reacting 
the corresponding hydroxybenzaldehyde with the desired silyl chloride in the presence of DBU.  

















Figure 17: Synthesis of para-siloxybenzaldehydes. 
With the silylated hydroxybenzaldehydes synthesized the investigation into 
conformational bias of these structures could commence.  These compounds were studied via 
infrared spectroscopy (IR) and nuclear magnetic resonance (NMR).  With these two different 
types of spectroscopic methods it was hoped to determine which of these proposed possible 




































o-OTBS  (2)   p-OTBS  (6)   
CDCl3 1685 CDCl3 1693 
neat  1688 Neat 1698 
o-OTBDPS (4)   p-OTBDPS (8)   
CDCl3 1687 CDCl3 1692 
neat  1688 Neat 1697 
o-OTIPS (3)   p-OTIPS (7)   
CDCl3 1680 CDCl3 1693 
DMSO 1684 DMSO 1693 
Acetone 1686 acetone 1685 
THF  1688 THF  1699 
Benzene 1689 benzene 1670 
neat  1688 neat 1698 
o-OMe (9)   p-OMe (10)   
CDCl3 1687 CDCl3 1681 
DMSO 1686 DMSO 1681 
Acetone 1688 Acetone 1681 
THF  1689 THF  1698 
Benzene 1691 benzene 1698 
neat  1688 neat 1681 
o-OH (1)   p-OH (5)   
CDCl3 1665 CDCl3 1671 
DMSO 1680 DMSO 1683 
acetone 1662 acetone 1687 
THF  1664 THF  1691 
benzene 1665 benzene n/a 




IR spectra were taken of each compound and the carbonyl shift was analyzed.  The 
carbonyl stretch was of the most interest because the potential Si-O dative bond would alter the 
chemical environment of the carbonyl.   Wavenumbers of the carbonyl in these compounds were 
noted and subsequently compared against the parent hydroxybenzaldehyde.  What was observed 
in this experiment was a shift in the wavenumbers of the carbonyl peak.  This shift in the wave 
number of the carbonyl peak can be caused by the formation of a dative bond.  This new bond 
formation will pull the carbonyl oxygen towards the silicon and lengthen that carbonyl bond 
making it weaker.  This weaker bond will vibrate at a lower IR frequency and therefore will have 
a smaller wavenumber.    
Using an NMR principle called nuclear Overhauser effect (NOE) the 
siloxybenzaldehydes were analyzed to determine if there was any conformational bias in these 
benzaldehydes.  NOE-DIFF is a specific experiment in which it shows protons that are within 5Å 




                    I               II            III 
Figure 19: Possible NOE interactions. 
Each of the possible low-energy conformations of ortho-silyloxybenzaldehydes (I, II, and 




the first conformation (I) only one through-space correlation (a) between the aldehyde proton 
and the adjacent aryl proton would be seen with these experiments due to the orientation of the 
siloxy group forming a dative bond with the carbonyl oxygen.  In the second proposed 
conformation (II) two observable NOE enhancements (a and b) would be expected.  The first 
interaction would be the same as in the previous conformation (I), but now that the siloxy group 
is oriented away from the carbonyl another NOE should be observed between the alkyl groups 
on the silicon and the adjacent aryl proton.  In conformation three (III) both the carbonyl and the 
























o-OTBS  (2)     p-OTBS  (6)     
CDCl3 1.09 n/a CDCl3 11.43 n/a 
o-OTBDPS (4)     p-OTBDPS (8)     
CDCl3 1.56 n/a CDCl3 n/a n/a 
o-OTIPS (3)     p-OTIPS (7)     
CDCl3 1.02 2.58 CDCl3 8.17 2.56 
DMSO 2.12 3.35 DMSO 13.07 4.08 
acetone 0.96 2.55 acetone 2.13 1.97 
THF  1.04 2.32 THF  4.29 2.47 
benzene 1 1.23 benzene 8.48 5.66 
o-OMe (9)     p-OMe (10)     
CDCl3 0.26 2.14 CDCl3 7.1 4.6 
DMSO 1.04 4.43 DMSO 12.34 7.33 
acetone 0 3.48 acetone 7.48 3.47 
THF  0.15 2 THF  8.93 6.14 
benzene 0 1.83 benzene 8.1 3.45 
o-OH (1)     p-OH (5)     
CDCl3 3.14 n/a CDCl3 4.13 n/a 
DMSO 3.37 n/a DMSO 19.36 n/a 
acetone 1.96 n/a acetone 4.83 n/a 
THF  2 n/a THF  7.3 n/a 




This data warranted the development of a chemical probe to further investigate this 
conformational bias. 




Figure 21: Reduction of siloxybenzaldehydes. 
Initial thoughts were that doing a simple reduction of the carbonyl to yield the 
corresponding alcohol would be the most effective chemical probe (Figure 21).  If there were any 
bias in conformation (i.e. the silicon formed a dative bond with the carbonyl oxygen) then the 
reaction would be expected to proceed faster due to the activated carbonyl.  The carbonyl 
becomes activated because with this new potential bond the silicon will draw electron density 
away from the carbonyl and make it more susceptible to attack from a nucleophile.  Also by 
choosing a reduction reaction to study the absence of intermediates would prove for easy 
analysis of the data if these reactions were hoped to be monitored via NMR spectroscopy.  Using 
NMR spectroscopy the disappearance of the aldehyde proton as the reduction proceeded 

















          
a 
all times reported in hours 
Figure 22: Reduction times of siloxybenzaldehydes in various solvents. 
A model reaction using benzaldehyde was first used to determine acceptable 
experimental parameters such as signal to noise and the time it took for the compound to reduce.   
It was determined that a concentration of 0.15M for the reaction had an acceptable signal to 
noise ratio as well as not making our samples too concentrated in which peak broadening of the 
siloxybenzaldehyde NaBH3CN NaBH4 siloxybenzaldehyde NaBH3CN NaBH4 
o-OTBS (2)     p-OTBS (6)     
MeOD > 24 < 0.25 MeOD > 24 < 0.25 
MeCN w/ TMS n/a 2.5 MeCN w/ TMS n/a 2.75 
CDCl3 w/ 5% 
MeOD > 24 < 0.25 
CDCl3 w/ 5% 
MeOD > 24 < 0.25 
CDCl3 w/ 10% 
MeOD > 24 < 0.25 
CDCl3 w/ 10% 
MeOD > 24 < 0.25 
CDCl3 w/ 20% 
MeOD > 24 < 0.25 
CDCl3 w/ 20% 
MeOD > 24 < 0.25 
CDCl3 w/ 25% 
MeOD > 24 < 0.25 
CDCl3 w/ 25% 
MeOD > 24 < 0.25 
o-OTBDPS (4)     p-OTBDPS (8)     
MeOD > 24 < 0.1 MeOD n/a n/a 
MeCN w/ TMS n/a 4 MeCN w/ TMS n/a n/a 
o-OTIPS (3)     p-OTIPS (7)     
MeOD > 24 < 0.25 MeOD > 24 < 0.25 
MeCN w/ TMS n/a 2.5 MeCN w/ TMS n/a 3 
CDCl3 w/ 5% 
MeOD > 48 < 0.25 
CDCl3 w/ 5% 
MeOD > 48 < 0.25 
CDCl3 w/ 10% 
MeOD > 48 < 0.25 
CDCl3 w/ 10% 
MeOD > 48 < 0.25 
CDCl3 w/ 20% 
MeOD > 48 < 0.25 
CDCl3 w/ 20% 
MeOD > 48 < 0.25 
CDCl3 w/ 25% 
MeOD > 48 < 0.25 
CDCl3 w/ 25% 
MeOD > 48 < 0.25 
o-OMe (9)     p-OMe (10)     
MeOD > 24 < 0.1 MeOD >24 < 0.1 
MeCN w/ TMS n/a 3 MeCN w/ TMS n/a 3 
o-OH (1)     p-OH (5)     




NMR spectrum can occur.  The reduction of benzaldehyde in the presence of sodium 
borohydride (NaBH4) in deuterated methanol proceeded very quickly and no data was obtained 
from the experiments.  Deuterated chloroform with 1, 5, 10, 20, and 25% methanol by volume 
solutions were attempted as possible reaction solvents that would slow down the reduction of the 
siloxybenzaldehydes.  Reactions were prepared with these new solvent conditions and then 
monitored by thin layer chromatography to determine how quickly the reduction of the 
siloxybenzaldehdye occurred.  In the reactions that utilized 5, 10, 20, and 25% methanol 
additives, the product was still formed far too quickly to monitor via NMR spectroscopy.  In the 
case where only 1% methanol was added the NaBH4 was insoluble in the chloroform.   
It was found that reduction of the siloxybenzaldehydes in acetonitrile occurred at a much 
slower and observable pace.  The downside was that the NaBH4 was only slightly soluble in the 
acetonitrile and therefore the amount in solution was unknown.  Experiments were attempted on 
the siloxybenzaldehydes, but with the reducing agent not being completely soluble this led to 
poor quality results.  If NaBH4 was going to the reducing agent of choice then it needed to be 
completely soluble in the chosen solvent.   
Other than methanol, NaBH4 is sparingly soluble in most common organic solvents.
43
   
Given this information, using any other solvent would prove futile because the amount of NaBH4 
required for the reaction exceeded the solubility limit.  Ultimately this would lead to 
inhomogeneous NMR samples and poor spectral resolution.  With no solvent choice other than 
methanol being applicable for our reaction, a possible solution may be the incorporation of a 
milder reducing agent into the experimental design.  Sodium cyanoborohydride (NaBH3CN) is a 




reducing agent that both the solubility issues and the reactivity issues could be fixed.  The 
reduction of a siloxybenzaldehyde in deuterated methanol with NaBH3CN was monitored for the 
duration of two hours; unfortunately no reduction occurred.  The reaction was let run overnight, 
but still no reduction had taken place.  
Seeing that the reduction of these siloxybenzaldehydes was not cooperating focus turned 
to alternate chemical probe.  Previous work from Custelcean et. al. studied the kinetics of imine 
formation between a substituted benzaldehyde and a primary amine.  With this experimental 
design the authors were able to study imine formation in different reaction media.  With the 
exception of chloroform, which strongly favors the starting materials in imine hydrolysis, the 
equilibrium constant favors products in all other solvents studied.  While the equilibrium 
constants favor imine product for most of the solvents DMSO was a good candidate for our 
reactions because of the magnitude of the equilibrium constant.  The solvent with the largest Keq 
was optimal because when attempting to observe the kinetics of imine formation conversion of 
product back to starting material may cause issues with analysis.
44
      
This new experimental design looked promising because most of the problems that were 
faced in the reduction of the siloxybenzaldehydes had been removed.  For example, the need for 
the stock solutions with and internal TMS standard was no longer needed because the proton of 
the aldehyde could easily be integrated against that of the newly formed imine.  Also with this 
new reaction any solubility issues that were observed in the previous experiment were now 
removed.  The only factor left was to observe if the reaction proceed slow enough that kinetic 





 Using commercially available para-anisaldehyde a model reaction was set up with the 
solution being 0.15M with respect to the substrate and then three equivalents of benzyl amine 
was added directly to the NMR tube.  The reaction was monitored for two hours and product 
formation was noted throughout the duration of the experiment.  During this experiment it was 
also noted that the conversion of the aldehyde to the imine was clean and no intermediate species 
were observed.  This new reaction proved to be much easier to work with and so previously 
synthesized siloxybenzaldehdyes 1-6 were subjected to these new reaction conditions (Figure 23) 
and the data was collected and plotted (Figure 24).  Along with the prepared 
siloxybenzaldehydes both the corresponding ortho and para hydroxy- and 




















































rate  R2 
10 1 0.999 
9 1.2 0.999 
2 92.6 0.999 
3 43.1 0.991 
4 17.4 0.935 
6 8.8 0.972 
7 7.7 0.991 
5 2.9 0.95 
 
Figure 26: Relative rates of siloxybenzaldehydes for imine formation. 
The reaction was determined to be first-order and the data was plotted as such.  Two 
hours of data were collected, but in order to ensure that our data properly reflected the rate-
determining step which is the formation of the iminium ion
45
 the first 60 minutes of data were 
plotted.  In conjunction to this, when the reaction was determined to have less than ten percent of 
aldehyde left it was rationalized that a change in the rate determining step could possibly occur.  
This is reflected in non-linear data that is observed towards end of the allowed reaction time so 








The control anisaldehydes were used because the methoxy substituent is electron 
donating (σp= -.27) and making the carbonyl overall less electrophilic.  Therefore, these 
compounds should have the slowest rate of reaction and give a starting point to where the 
siloxybenzaldehydes can be measured from.    
Also the parent ortho- and para-hydroxybenzaldehydes were tested as controls for this 
reaction as well.  Due to the known hydrogen bond interactions that increase the electrophilic 
characteristics of the carbonyl we wanted to test it against the siloxybenzaldehydes to compare 
rates of reaction.  For the ortho-hydroxybenzaldehyde the reaction occurred so fast that data 
could not be collected for the sample.  This known hydrogen-bond interaction is strong which 
allows the more electrophilic carbon to be readily attacked by a nucleophile.  As for the para-
hydroxybenzaldehyde the hydroxyl group is no longer in close proximity to the carbonyl and a 
hydrogen bond cannot be formed.  Without this hydrogen bond the hydroxyl group will be 
electron donating and make the carbonyl less electrophilic. 
Following the control compounds, the para-siloxybenzaldehydes were observed to have a 
rate approximately two times faster than control compounds.  These siloxybenzaldehydes should 
not contain a possible dative Si-O bond due to the proximity of the atoms 
 However, the incorporation of the silicon moiety onto the aryl ring shows that its 
presence can influence the carbonyl.   With the addition of the weakly electron donating silyl 
groups the rate is a lot faster than that of the parent methoxybenzaldehydes.  This is counter 
intuitive because with the addition of an electron donating group it would be expected that the 




some brief theoretical calculations actually clarify as to why this increase reaction rate is 
observed.  The calculations actually showed that as the alkyl groups attached to the silicon get 
larger there is likelihood for the silyl group to bend out of the plane of the aromatic ring.  If the 
silyl group is indeed out of the plane of the ring then the pair of electrons on the silyl group are 
no longer able to resonate with the aromatic ring.  This actually causes the silyl group to become 
electron withdrawing which would explain the observed increase in reaction rate.    Due to 
insolubility of the para-TBDPS compound in our reaction medium, analysis proved to be 
difficult.   
    The ortho-substituted siloxybenzaldehydes were determined to have faster reaction 
rates as compared to both the methoxy and the para-siloxybenzaldehydes.  Based on the results 
silyoxy groups in the ortho position have more than just an inductive effect on the carbonyl.  The 
close proximity of the silicon to the carbonyl allows for the possible formation of a dative Si-O 
bond, which can increase the electrophilicity of the carbonyl and in turn increase the rate of the 
reaction.   Comparing the ortho compounds, ortho-OTBS was observed to be the fastest and this 
is sensible because the silyl group is small and the silicon is easily susceptible to an interaction 
with the carbonyl oxygen.  The larger o-OTIPS group can shield the silicon from possible Si-O 
interactions and therefore would expect to observe a slower rate of reaction.  
 Further analysis of the NMR data showed that some of the compounds contained 
multiple imine peaks that had arisen over the course of the reaction.  Furthermore, while both 
peaks are observed after the duration of the experiment (two hours) letting the samples sit for an 
extended period of time (48 hours) they will proceed toward only one product.  Isolation of the 








Figure 28: Ortho and para desilylated imine products. 
The desilylated imine product can arise from two possible reaction pathways (Figure 29) 
and depending on which pathway our reaction follows will influence the interpretation of the 





Figure 29: Possible reaction pathways. 
The silyl groups falling off pose a problem because data is based on the attack of the 
nucleophile on the carbonyl of the corresponding benzaldehyde. If the silyl group were to fall off 
before nucleophilic attack of the amine then data would reflect the rate of hydrolysis of each silyl 
group.  However, if the nucleophilic attack happens first and then desilylation occurs then the 




the rate-determining step for the reaction,
46
 as long as desilylation occurs after that point then the 
data will show the rate of reaction and not the hydrolysis of the silyl group.   
The ortho-and para-triisopropylsiloxybenzaldehydes were subjected to sub-
stoichiometric amounts of benzyl amine.  These compounds were chose due to the fact that the 
rates were relatively slow and could be monitored and that they both were soluble in the reaction 
media.  It was hoped that with this a small amount of water being generated upon imine 
formation, and no excess amine, it would show how likely the silyl groups of the 
siloxybenzaldehydes would fall off.  This study was carried out with 25%, 50%, 75%, 100%, 
150%, and 200% of amine with respect to the substrate and data was collected the exact same as 
it was for kinetic data.  
 For the ortho-OTIPS benzaldehyde data shows very little formation of a hydroxy imine 
even after a two hour reaction time.  This is only observed when the sample contains less than or 
equal two molar ratios of the siloxybenzaldehyde to the benzyl amine.  For the 150% and 200% 
amine reactions, the silyl group is hydrolyzed over time and it can be seen in our data.  The 
curious observation made was that the reaction seemed to proceed much faster than when three 
equivalents of amine were used.  For the ortho-OTIPS compound however the results vary from 
what was observed with the para-hydroxybenzaldehyde.   
For the ortho-TIPS benzaldehyde at all concentrations of amine used there is the notable 
presence of both silylated and desilylated imine present. In this data it can be observed that for 
all concentrations an appreciable amount of both the silylated and desilylated are formed as well 




of silylated to desilylated imine remains constant.  This general trend is also seen in all of the 
other concentrations of amine used.  Therefore, initial conclusions are that the reaction is 
proceeding to the silylated product and then at some point after the reaction the silyl group is 


















Synthesis of siloxybenzaldehydes 2-4, 6-8 
492 µL (3.6 mmol) of DBU was added to 366 mg (3 mmol) of the corresponding 2-or 4-
hydroxybenzaldehyde in 6 mL of dry DCM.  Subsequently 3.3 mmol of the appropriate 
silylchloride was added and the reaction was allowed to stir at room temperature.  The reaction 
was monitored by TLC until completion at which time it was quenched with 0.5 M HCl and then 
extracted (3x) with dichloromethane.  The organic layer was then dried over MgSO4 and the 
solvent was removed in vacuo.   All products were purified by flash column chromatography 
using EtOAc/Hex as the eluent.   
Kinetic imine Experimental data 
0.15 mmol of the corresponding siloxybenzaldehyde was dissolved in 1 mL of deuterated DMSO 
and added to a NMR tube and then a 
1
H NMR spectrum was taken to ensure sample purity.  0.45 
mmol (3 equivalents) of benzyl amine was then directly added into the NMR tube and 
1
H NMR 
spectra were taken for two hours at two minute intervals.  Using the initial concentration of the 
siloxybenzaldehyde as well as the experimental integrations the imine concentration can be 
determined for each time interval.  The reaction was determined to be first order and the data was 








H NMR (500 MHz, CDCl3) δ 10.48 (d, J=0.8, 1H), 7.82 (dd, J=7.8, 
1.9, 1H), 7.47 (ddd, J=8.6, 8.3, 1.9, 1H), 7.06-7.01 (m, 1H), 6.89 (dd, J=8.3, 
0.9, 1H), 1.03 (s, 9H), 0.29 (s, 6H); 
13
C NMR (125 MHz, CDCl3) δ 190.2, 
158.9, 135.7, 128.4, 127.3, 121.5, 120.2, 25.7, 18.4, -4.3; 
29
Si (500 MHz, CDCl3) δ 23.6; IR 
2954, 2931, 2858, 1688, 1598, 1577, 1478, 1457, 1389, 1305, 1276, 1250, 1187, 1155, 1099, 




H NMR (500 MHz, CDCl3) δ 10.53 (d, J= 0.7, 1H), 7.83 (dd, J= 7.8, 
1.9, 1H), 7.46 (ddd, J= 8.2, 7.8, 1.9, 1H), 7.03 (t, J=8.5, 7.5, 1H), 6.92 (dd, 
J=8.3, 0.8, 1H), 1.42-1.33 (m, 3H), 1.15 (d, J=7.5, 18H); 
13
C NMR (125 
MHz, CDCl3) δ 190.3, 159.4, 135.7, 128.3, 126.8, 121.15, 119.76, 17.9, 13.0; 
29
Si (500 MHz, CDCl3) δ 18.3; IR 2954, 2870, 1693, 1597, 1293, 1280, 1243, 1212, 1156, 920, 
882, 840, 689 
1
H NMR (500 MHz, d6-acetone) δ 10.5 (d, J= 0.85, 1H), 7.7 (dd, J= 7.7, 1.9, 1H), 7.61 (ddd, J= 
8.2, 7.7, 1.9, 1H), 7.10-7.01 (m, 2H), 1.43 (sept, J= 7.5, 3H), 1.15 (d, J=7.5, 18H); IR 2948, 
2870, 1686, 1598, 1478, 1459, 1391, 1305, 1277, 1259, 1156, 913, 883, 821, 767, 717, 686 
1
H NMR (500 MHz, d8-THF) δ 10.51 (d, J= 0.7, 1H), 7.8 (dd, J= 7.8, 1.9, 1H), 7.59 (ddd, J= 8.2, 
7.8, 1.9, 1H), 7.10-7.01 (m, 2H), 1.39-1.37 (m, 3H), 1.15 (d, J=7.5, 18H); IR 2236, 2080, 1688, 





H NMR (500 MHz, d6-DMSO) δ 10.41(d, J=.75, 1H), 7.69(dd, J=7.7, 1.9, 1H), 7.60 (ddd, 
J=8.3, 7.7, 1.9), 7.11 (t, J= 7.1, 1H), 7.01 (d, J=8.3, 1H), 1.38 (sept, J=7.5, 3H), 1.09 (d, J=7.5, 
18H); IR 2946, 2892, 2867, 2358, 1684, 1598, 1477, 1459, 1391, 1278, 1251, 912, 884, 773, 
716, 688 
1
H NMR (500 MHz, C6D6) δ10.4 (d, J= 0.77, 1H), 7.70 (dd, J= 8.05, 1.8, 1H), 7.60 (ddd, J= 8.3, 
8.05, 1.8, 1H), 6.71-6.65 (m, 2H), 1.1-1.0 (m, 3H), 0.96 (d, J=6.9, 18H); IR 2946, 2867, 1689, 




H NMR (500 MHz, CDCl3) δ 10.81 (d, J=0.7, 2H), 7.86 (dd, J=7.6, 
1.9, 1H), 7.75 (dd, J=8.1, 1.4, 4H), 7.49 (tt, J=8.6, 7.4, 1.4, 3H), 7.44-7.41 
(m, 4H), 7.16-7.15 (m, 1H), 6.97 (t, J=8.1, 7.6, 1H), 6.53 (dd, J=8.5, 0.6, 
1H), 1.61 (s, 1H), 1.15 (s, 9H); 
13
C NMR (125 MHz, CDCl3) δ 190.0, 
158.7, 135.4, 131.7, 130.4, 128.3, 128.1, 126.7, 121.4, 120.4, 26.5, 19.7; 
29
Si (500 MHz, CDCl3) 
δ -4.25; IR 2856, 1688, 1597, 1579, 1477, 1456, 1428, 1368, 1307, 1277, 1245, 1189, 1160, 
1109.8, 913.9, 821, 761, 729, 700, 695 
4-hydroxybenzaldehyde (5) 
1
H NMR (500 MHz, CDCl3) δ 9.86(s, 1H), 7.81 (d, J=8.7, 2H), 6.97 (d, 
J=8.8, 2H); IR 3196, 3170, 3044, 1671, 1649, 1602, 1517, 1455, 1413, 1388, 






H NMR (500 MHz, d6-acetone) δ 9.85(s, 1H), 7.8 (d, J=8.8, 2H), 7.0 (d, J=8.8, 2H); IR 2359, 
1687, 1604, 1586, 1515, 1450, 1285, 1261, 1214, 1158, 859, 840 
1
H NMR (500 MHz, d8-THF) δ 9.82(s, 1H), 9.31 (s, 1H), 7.76 (d, J=8.8, 2H), 6.91 (d, J=8.8, 
2H); IR δ 2235, 2080, 1691, 1604, 1586, 1156, 1099, 1045, 840, 747, 
1
H NMR (500 MHz, d6-DMSO) δ 9.79(s, 1H), 7.76 (d, J=8.8, 2H), 6.93 (d, J=8.8, 2H); IR 2925, 




H NMR (500 MHz, CDCl3) δ 9.89 (s, 1H), 7.80 (d, J=8.6, 2H), 
6.95 (d, J=8.6, 2H), 1.0 (s, 9H), 0.26 (s, 6H); 
13
C NMR (125 MHz, 
CDCl3) δ 190.9, 131.9, 130.4, 120.5, 25.4, 18.3, -4.4; 
29
Si (500 MHz, 
CDCl3) δ 22.8; IR 2956, 2858, 1698, 1596, 1575, 1507, 1471, 1421, 1391, 1364, 1281, 1257, 




H NMR (500 MHz, CDCl3) δ 9.90 (s, 1H), 7.80 (d, J=8.5, 2H), 
6.99 (d, J=8.5, 2H), 1.32 (sep, J=7.8, 3H), 1.13 (d, J=7.5, 18H); 
13
C 
NMR (125 MHz, CDCl3) δ 190.9, 161.9, 131.9, 130.2, 120.3, 17.8, 
12.7 
29
Si (500 MHz, CDCl3) δ 17.7; IR 2946, 2892, 2867, 1679, 1596, 1571, 1478, 1448, 1395, 
1355, 1288, 1249, 1158, 1120, 1068, 1041, 1015, 997, 969, 905, 886, 882, 759, 837, 679 
 
1




(sep, J=7.45, 3H), 1.13 (d, J=7.5, 18H); IR 2947, 2869, 1685, 1597, 1508, 1464, 1277, 1211, 
1156, 997, 906, 883, 841, 703, 687 
1
H NMR (500 MHz, d8-THF) δ 9.88(s, 1H), 7.82 (d, J=8.55, 2H), 7.06 (d, J=8.55, 2H), 1.37 
(sep, J=7.45, 3H), 1.17 (d, J=7.5, 18H); IR 2236, 2081, 1699, 1597, 1508, 1276, 1157, 1099, 
1044, 1017, 840, 747, 703, 689 
1
H NMR (500 MHz, C6D6) δ 9.67(s, 1H), 7.53 (d, J=8.55, 2H), 6.74 (d, J=8.55, 2H), 1.06 (sep, 
J=7.45, 3H), 1.01 (d, J=7.5, 18H); IR 2946, 2867, 2340, 1700, 1597, 1575, 1507, 1276, 1210, 
1156, 907, 884, 839, 703, 688 
1
H NMR (500 MHz, d6-DMSO) δ 9.88(s, 1H), 7.84 (d, J=8.55, 2H), 7. 06 (d, J=8.55, 2H), 1.31 
(sep, J=7.45, 3H), 1.13 (d, J=7.5, 18H); IR 2945, 2867, 1693, 1596, 1508, 1464, 1278, 1212, 




H NMR (500 MHz, CDCl3) δ 9.84 (s, 1H), 7.73 (dd, J=8.0, 1.3, 
4H), 7.68 (d, J=8.7, 2H), 7.48 (tt, J= 7.4, 2.8, 2H), 7.43-7.39 (m, 4H), 
6.89 (d, J= 8.6, 2H), 1.14 (s, 9H) 
13
C NMR (125 MHz, CDCl3) δ 190.9, 
161.2, 135.4, 131.7, 130.3, 128.0, 120.3, 26.4, 19.5 
29
Si (500 MHz, 
CDCl3) -4.3 IR 2931, 2858, 1697, 1596, 1506, 1427, 1302, 1271, 1211, 1159, 1114, 915, 841, 






H NMR (500 MHz, CDCl3) δ 9.88(s, 1H), 7.84 (d, J=8.8, 2H), 7.01 (d, 
J=8.8, 2H), 3.38 (s, 3H); IR 2938, 2840, 2741, 1681, 1598, 1577, 1510, 1460, 
1441, 1426, 1393, 1314, 1259, 1215, 1182, 1159, 1109, 1025, 918, 854, 832 
 
1
H NMR (500 MHz, d6-acetone) δ 9.90(s, 1H), 7.87 (d, J=8.8, 2H), 7.11 (d, J=8.8, 2H), 3.91 (s, 
3H) IR 1681, 1597, 1577, 1510, 1461, 1444, 1426, 1393, 1314, 1259, 1214, 1182, 1159, 1022, 
832, 7589 
1
H NMR (500 MHz, d8-THF) δ 9.91(s, 1H), 7.87 (d, J=8.8, 2H), 7.09 (d, J=8.8, 2H), 3.90 (s, 
3H); IR 2235, 2124, 2080, 1698, 1687, 1599, 1578, 1510, 1314, 1259, 1160, 1098, 1024, 836, 
749 
1
H NMR (500 MHz, C6D6) δ 9.68 (s, 1H), 7.54 (d, J=8.8, 2H), 6.56 (d, J=8.8, 2H), 3.13 (s, 3H); 
IR 1698, 1600, 1578, 1509, 1460, 1426, 1313, 1260, 1214, 1181, 1160, 1108, 1029, 854, 832, 
765  
1
H NMR (500 MHz, d6-DMSO) δ 9.87(s, 1H), 7.87 (d, J=8.8, 2H), 7.13 (d, J=8.8, 2H), 3.87 (s, 










H NMR (500 MHz, d6-DMSO) δ 8.73 (s, 1H), 7.49 (dd, J=7.7, 1.7, 1H), 
6.92 (td, J=7.5, 1.1, 1H), 6.88(d, J=8.25, 1H) 7.40-7.28 (m, 6H), 4.82 (s, 
2H); 
13
C NMR (125 MHz, DMSO-d6) δ 167.0, 161.0, 139.1, 132.9 ,132.2, 




H NMR (300 MHz, d6- DMSO) δ 9.76 (s, 1H), 7.6 (d, J=8.6, 2H), 
7.36-7.23 (m, 5H), 6.82 (d, J=8.6, 2H), 4.69 (s, 2H); 
13
C NMR (75 
MHz, DMSO-d6) δ 161.6, 160.3, 140.5, 130.2, 128.7, 128.3, 127.8, 
127.1, 115.9, 64.4 
 
 
 Chapter II: SILICON LEWIS ACID CATALYSTS 
There are a variety of different Lewis acids that are currently used in organic synthesis.  
Silicon however, is not thought of as a really good Lewis acid due to its generally observed four-
coordinate weakly Lewis acidic structure.  However, there are ways to structurally modify  
silicon to make it a better Lewis acid.  The first would be to add electron withdrawing ligands to 
the silicon: electron density will be pulled away from the silicon giving it more positive charge.  
A second way to increase silicon Lewis acidity would be to constrain the silicon within a ring or 
with non-ideal bond angles.  The third way to increase the Lewis acidity of silicon would be to 
make it hypervalent by adding a fifth ligand to the silicon.  
It is hoped that a library of compounds can be prepared that will display Lewis acidic 
properties. These compounds would obtain their Lewis acidic properties by the generation of a 
hypervalent silicon species via an intramolecular dative fifth bond.  Also, in the design of these 
new compounds the silicon is tied into a ring system which will further enhance silicon Lewis 
acidity.  In the design the lone pair of electrons on the tethered amine could potentially form a 
dative fifth bond with the silicon creating a hypervalent silicon atom.  This reactive species could 
then be used to coordinate with a carbonyl and make it more susceptible to attack from a 
nucleophile.  With the knowledge of knowing how to make silicon more Lewis acidic the goal 







Figure 30: Proposed silicon-nitrogen interaction. 
The Lewis acidity of these silacycles may be altered with modifications to the structure.   
By using a bulky group that is directly attached to the silicon this could potentially hinder 
interactions with the silicon atom.  Making these groups smaller would allow for interactions 
with the silicon atom which is important for using these compounds as catalysts.  Varying the 
ligands on the amine portion of the silacycle may influence the nitrogen’s ability to coordinate.  
If the group is too bulky it may be unrealistic for the nitrogen to coordinate with the silicon.  The 
variation of the ligands on both the amine and silicon portion of these silacycles may increase or 
decrease Lewis acidic properties of the overall silacycle.  Being able to identify which moiety 
favors an increase in the overall Lewis acidity of these compounds will allow for a more focused 
design of these silacycles.   
The simplest way to prepare these silacycles was rationalized to be the condensation of a 








The starting 1,3-propanediols needed were not commercially available, thus a synthetic 
route was needed in order to make our starting materials.  One aspect of the synthetic route is 
that the synthesis must be simple and involve as few steps as possible to arrive at our product to 
ensure high yields.  Another necessity of the synthetic route is being able to vary the amine 









Figure 32: Synthesis of 2-amino-1,3-propanediols. 
Starting with a dimethylbromomalonate (31) simple SN2 chemistry was performed with a 
variety of secondary amines to afford corresponding amino substituted malonate esters (32-36) in 
good yields.  Following the successful synthesis of these amino diesters the next step was to 




Having prepared a few representative examples of diols the final step was the 
condensation with commercially available dichlorodialkylsilanes to afford corresponding 
silacycles. 
This final condensation step proved not to be as straightforward and a variety of reaction 
conditions were attempted to synthesize these compounds (Figure 33).  The reactions were 





Figure 33: Table of unsuccessful reaction conditions for preparing silacycles. 
   Having no success with the condensation of the 2-amino-1,3-propanediols it was deemed 
more efficient to troubleshoot the condensation step with commercially available materials so a 
shift to using a commercially available 3-dimethylamino-1,2-propanediol 40.  With this change 
in diol there was also a change in the overall silacycle structure being synthesized.  With the new 
starting material being a 1,2 propanediol the silacycle will be a five membered ring instead of a 
six, which will introduce more strain and may result in a more reactive silane. 
 
Base Solvent  Tempertaure Time % Yield 
DBU dichloromethane RT 18hr 0 
DBU dichloromethane 40°C 1hr 0 
DBU dichloromethane 40°C 18hr 0 
DBU THF 65°C 1hr 0 
DBU THF 65°C 18hr 0 
Triethylamine dichloromethane RT 18hr 0 
Triethylamine dichloromethane 40°C 18hr 0 
Triethylamine THF 65°C 18hr 0 
Triethylamine Acetonitrile 80°C 18hr 0 
K2CO3 dichloromethane RT 1hr  0 







Figure 34: Synthesis of 5-membered silacycle. 
 Using the 3-dimethylamino-1,2-propanediol the first reaction conditions that were 
utilized were the same as the attempts made to prepare the six-membered silacycles.   These 
reaction conditions only yielded starting diol and siloxy polymers which suggested that there was 
water getting into our reaction at some point during the reaction or during the work up.  With the 
formation of these siloxy polymers it was proposed that the dialkyldichlorosilane was not 
reacting with the diol and so other solvents with a higher boiling point were used.  The solvents 
tetrahydrofuran (THF), acetonitrile, and benzene were used in attempts to form our silacycles.  
These attempts at changing the solvents failed to produce any silacycles and so the based being 
used was also varied in attempts to synthesize these silacycles.  Even with these new conditions 
no product formation was observed.  However, successful attempts have been made at the  
condensation of a dialkyl dichlorosilane with a substituted 1,3-propanediol.  The paper utilized 
1-Hydroxybenzotriazole (HOBt) as a nucleophilic catalyst to replace the chlorine to make it a 
better leaving group.  With the new reaction conditions and the use of HOBt the 3-
dimethylamino-1,2-propanediol was successfully condensed with di-tert-butyldichlorosilane 
(Figure 34). 
Analysis of this silacycle proved to be unsuccessful because it was found that it had 




rather quickly this reaction laid the framework to go about the synthesis of the six membered 
silacycles. 
  From some of the previously synthesized diols a small variety of six membered 






Figure 35: Synthesis of 6-membered silcycles. 
   There were noted problems with some of the compounds that were selected to prepare 
silacycles.  For example, purification of 2-morpholinopropane-1,3-diol proved to be difficult via 
flash column chromatography.  A simple procedure typically used to aid this process is to 
prepare a column pretreated with base.  Even when the column was pretreated with triethylamine 
purification of 2-morpholinopropane-1,3-diol was not successful. 
Having a few different six-membered silacycles prepared showed that they could be 
synthesized, but the Lewis acidity of these silacycles needed to be determined.  One way to look 
at Lewis acidity of our compounds was use them as a Lewis acid catalyst in a Friedel-Crafts 






Figure 36: Friedel-Crafts addition of indole to β-nitrostyrene. 
The reaction was carried out according to literature procedures where in dichloromethane 
the Lewis acid is stirred with the nitrostyrene for 15 minutes.  Then after 15 min of stirring the 
indole is added and the reaction is allowed to stir at room temperature for 14 hours.  Flash 
column chromatography was then performed to isolate the product and determine the yield.  The 
major perk of using this study allows for the comparison of our silacycles with other Lewis acids 
and see how they stack up against other silicon catalysts 
48
 and activated benzoic acid catalysts.
49
 
This experiment allows for the determination of Lewis acid properties of these silacycles because 
with an increase in yield of the reaction with various Lewis acid then there must be an increase in 
the Lewis acidic characteristics of the Lewis acid.  For the silacycles prepared the results of their 



















Figure 37: Catalyst yields of Friedel-Crafts addition of indole to β-nitrostyrene. 
Looking at the table above all of the silacycles that were tested in this reaction yielded 
approximately three percent as the result of three different trials.  This observation proved to be 
disappointing because the reaction has an uncatalyzed yield of three percent as well. 
 Focus turned away from testing them in a model reaction and looking towards other 




Lewis acidity was a test developed by Childs et al utilizing NMR spectroscopy with 
crotonaldehyde as the probe (Figure 38).
50
    
 
Figure 38: Childs method determining Lewis acidity.  
 
At cold temperatures (-55°C) the Lewis acid will coordinate with the crotonaldehyde and 
can influence the H
3
 proton.   This site is distant from the Lewis acid crotonaldehyde 
complexation, but the protons are electronically connected.  When the Lewis acid is coordinated 
with the crotonaldehyde electron density will be drawn away from the carbonyl.  Since the 
electron density is being pulled away from the carbonyl the proton H
3
 will be deshielded and a 
downfield shift will be observed.  There is a direct correlation between the strength of the Lewis 
acid and the magnitude of the shift of the proton H
3
 so the greater the observed shift then the 
compound will display increased Lewis acidity.  This helps determine which moieties of our own 
silacycles have the greatest influence on the Lewis acidic properties of our silicon (e.g. the alkyl 
groups on the silicon or the substituents on the amine).
51,52
 
Not only is the chemical shift of the H
3
 proton influenced by coordination with a Lewis 
acid, but cooling the sample to -55
o




This must be kept in mind when analyzing the data to get the true shift of the proton due solely to 
the Lewis acidity of these silacycles and nothing more. 
 
Figure 39: Crotonaldehyde H
3 












 Another aspect of this study was to determine if the free components of the silacycles 
showed similar magnitude in shift of the H
3
 proton as the silacycles.  Along with the 
crotonaldehyde study, using previously synthesized silacycles, another experiment was 
completed with representative components of our silacycle. A NMR sample containing 
triethylamine, dimethoxydimethylsilane, and crotonaldehyde was prepared and cooled to -55°C.  
The reason for this study was to show that indeed making these silacycles is unique and that a 
mixture of components is not as Lewis acidic as the silacycle.  This importance of the tethered 
amine is that the increased Lewis acidity would be coming from an intramolecular fifth bond and 
not from intermolecular coordination with some other species.  The analysis of the sample was 
the same as it was for the silacycles where the shift of the H
3
 proton was of interest. 
After having observed no significant shift in the H
3
 proton of the crotonaldehyde 2-D 
NMR experiments were employed to determine if any coordination exists between our silacycle 






Figure 41: NOESY spectrum. 
 A NOESY experiment is a 2-D NMR technique that creates a map in which through-
space connections can be traced out.  Observed connections can help to determine if the Lewis 
acid and the aldehyde are or are associating and in what manner.  The experiments however only 
showed only intramolecular interactions that of the silacycle and no intermolecular interactions 
between the crotonaldehyde and the silacycle.   
The six-membered silacycles did not show much Lewis acidity based on the model 
reaction and the Childs method of determining Lewis acidity.  With the six-membered silacycles, 
the ring does not exert much strain on the silicon as the five membered rings.  Since straining the 
silicon can increase Lewis acidic properties, preparing a library of five membered silacycles may 






General Synthesis for amino substituted malonate esters 32-36 
  7.2 mmol (994 mg) of K2CO3 was added to 6 mmol of the desired secondary amine in 
DMF and allowed to stir for five minutes.  To that 6 mmol (791 µl) of dimethyl bromomalonate 
was added dropwise and the reaction turned a pale yellow.  The reaction was allowed to stir at 




 and extracted 3 times 
with diethyl ether.  The organic layer was worked up with brine and dried over MgSO4.  The 
solvent was removed in vacuo and all products were purified by flash column chromatography 
using EtOAc/Hex as the eluent.   
 
General Synthesis of 2-amino-1,3-propane diols 37-39 
6 eq of LAH was added to the corresponding amino substituted malonate ester in THF.  
The reaction was allowed to stir at 60°C overnight. The reaction then was diluted with diethyl 
ether to twice its original volume and cooled to 0°C.  Then “n” (n= grams of LAH used) mL of 
water was added to quench the reaction followed by “n” mL of 10% NaOH.  The solid was then 
filtered off and the organic layer dried over MgSO4.  The organic layer was then concentrated in 
vacuo to afford the crude 2-amino-1,3-propanediol.  All products were purified by flash column 







Synthesis of 1-(2,2-di-tert-butyl-1,3,2-dioxasilolan-4-yl)-N,N-dimethylmethanamine 41 
To a solution of 3-dimethylamino 1,2 propane diol (119 µL,1 mmol) in anhydrous DCM 
(4mL), HOBT (27 mg, .2 mmol) was added.  Under the argon atmosphere, triethylamine (1.4 
mL, 10 mmol) was carefully added followed by di-t-butyl-dichlorosilane (232 µL, 1.1 mmol).  
The solution was allowed to reflux at 40°C for 1 hour and was then cooled to room temperature.  
The reaction mixture was quenched with DI water and extracted 3x with DCM.  The organic 
layer was then dried over MgSO4 and concentrated. All products were purified by FCC using 
25:1 DCM methanol as the eluent afforded the silacycle. 
 
General Synthesis of 6 membered silacycles 42-45 
To a solution of 1 mmol of the corresponding 2-amino 1,3 propane diol in anhydrous 
DCM (6mL), HOBT (27mg, 0.2mmol) was added.  Under the argon atmosphere, imidazole 
(136mg, 2mmol) was carefully added followed by 1.1mmol of the desired dialkyl dichlorosilane.  
The solution was allowed to reflux at 40°C overnight and was then cooled to room temperature.  
The reaction mixture was then diluted to twice the original volume and the solid was filtered off.  
The filtrate was dried over MgSO4 and concentrated to yield crude product. Products were then 






Childs Lewis acidity Experiments 
To a dry NMR tube was added dry CDCl3 (0.8 mL) followed by the desired Lewis acid 
(0.1 mmol) and crotonaldehyde (0.03 mmol).  The sample was sealed and was analyzed by 
1
H 
NMR spectroscopy where data was acquired at -55
o
C in order to reduce the rate of ligand 
exchange. 
Freidel-Crafts Alkylation of Indole 
To a 2-dram vial (with stirbar and flame-dried under argon) was added 0.375 mmol of β-
nitrostyrene along with 0.075 mmol of catalyst. The mixture was dissolved in 0.1 mL of DCM 
and the solution was allowed to stir at room temperature for 15 minutes. Next, 0.563 mmol of 
indole was added in a second portion of 0.1 mL DCM. The vial was sealed and allowed to stir 
for 24 hrs. Following this period, the product was loaded directly onto a silica gel column and 




Spectral Information  
dimethyl 2-(dibenzylamino)malonate (32) 
91%; 
1
H NMR (300 MHz, CDCl3) δ 7.46 (d, J=5.1, 4H), 7.36 (d, J=7.4, 4H), 
7.30-7.25 (m, 2H), 4.30 (s, 1H), 3.77 (s, 4H), 3.61 (s, 6H); 
13
C NMR (75 
MHz, CDCl3) δ 168.6, 138.9, 128.9, 128.4, 127.3, 65.13, 55.4, 52.2 
 
dimethyl 2-(piperidine-1-yl)malonate (33) 
93%; 
1
H NMR (300 MHz, CDCl3) δ 3.99 (s, 1H), 3.71(s, 6H), 2.62 (t, J=5.2, 
4H), 1.57 (p, J=5.6, 4H), 1.39 (p, J=5.5, 2H) 
13
C NMR (75 MHz, CDCl3) δ 
167.7, 71.6, 52.1, 51.4, 26.1, 23.9 
dimethyl 2-morpholinomalonate (34) 
90%; 
1
H NMR (300 MHz, CDCl3) δ 3.93 (s, 1H), 3.66 (s, 6H), 3.62-3.59 (m, 
4H), 2.64-2.61 (m, 4H) 
13
C NMR (75 MHz, CDCl3) δ 167.1, 70.6, 66.9, 52.2, 
50.4 
dimethyl 2-(pyrrolidin-1-yl)malonate (35) 
89%; 
1
H NMR (300 MHz, CDCl3) δ 4.03 (s, 1H), 3.63 (s, 6H), 2.67 (t, J=6.6, 
4H), 1.68 (p, J=3.1, 4H) 
13






dimethyl 2-(diethylamino)malonate (36) 
87%; 
1
H NMR (300 MHz, CDCl3) δ 4.33 (s, 1H), 3.78 (s, 6H), 2.75 (q, J=7.1, 
4H), 1.10 (t, J=7.1, 6H) 
13
C NMR (75 MHz, CDCl3) δ 168.6, 66.6, 51.9, 45.6, 
13.4 
2-(dibenzylamino)propane-1, 3-diol (37) 
70%; 
1
H NMR (300 MHz, d6-acetone) δ 7.40-7.28 (m, 10H), 3.83 (s, 6H), 3.80-
3.76 (m, 2H), 3.72-3.65 (m, 2H), 3.49-3.45 (m, 1H)  
 
2-(piperidine-1-yl)propane-1, 3-diol (38) 
68%; 
1
H NMR (300 MHz, CDCl3) δ 3.8-3.6 (m, 4H), 2.9-2.6 (m, 7H), 18-1.6 
(m, 4H), 1.5-1.4 (m, 2H); 
13
C NMR (75 MHz, CDCl3) δ 66.6, 59.5, 50.4, 26.7, 
24.6 
2-(diethylamino)propane-1, 3-diol (39) 
65%; 
1
H NMR (300 MHz, CDCl3) δ 3.61 (d, J=6.8, 2H), 3.01 (p, J=6.8, 1H), 
2.67 (q, J=7.1, 4H), 2.37 (s, 2H), 1.09 (t, J=7.1, 6H)  
1-(2,2-di-tert-butyl-1,3,2 dioxasillan-4-yl)-N, N-dimethylmathanamine (41) 
50%; 
1
H NMR (300 MHz, CDCl3) δ 4.24-4.19 (m, 1H), 3.62 (dd, J=10.7, 4.2, 




1.02 (s, 9H); 
13
C NMR (75 MHz, CDCl3) δ70.9, 65.7, 64.16, 45.4, 27.7, 27.3, 21.4, 20.3 
N,N-dibenzyl-2,2-di-tert-butyl-1, 3, 2 dioxasilinan-5-amine (42) 
78%; 
1
H NMR (500 MHz, CDCl3) δ 7.33-7.27 (m, 10H), 4.09 (dd, J=4.7, 10.5, 2H), 
4.09 (t, J=10.6, 2H), 3.69 (s, 4H), 3.15 (sep, J=4.9, 1H), 1.02 (s, 9H), 0.85 (s, 9H) 
13
C NMR (125 MHz, CDCl3) δ 139.7, 128.5, 128.3, 127.1, 65.5, 56.1, 54.8, 27.4, 
26.9, 22.5, 20.1 
29
Si NMR (500 MHz, CDCl3) δ -8.5 




H NMR (500 MHz, CDCl3) δ 4.09 (dd, J=4.45, 10.8, 2H), 3.99 (t, J=7.65, 
2H), 3.06 (sep, J=4.45, 1H), 2.56 (q, J=7.1, 4H), 1.04-1.00 (m, 24H); 
13
C NMR 
(125 MHz, CDCl3) δ 66.1, 58.3, 44.3, 27.5, 27.1, 22.5, 20.2, 14.2; 
29
Si NMR (500 
MHz, CDCl3) δ -8.8 
N,N, dibenzyl-2,2-diisopropyl-1, 3, 2 dioxasilinan-5-amine (44) 
67%; 
1
H NMR (500 MHz, CDCl3) δ 7.36-7.31 (m, 8H), 7.28-7.26 (m, 2H), 4.20 
(dd, J= 4.6, 10.9, 2H), 3.10 (t, J=10, 1H), 3.73 (s, 4H), 3.11 (sep, J=4.7, 1H), 
1.08-1.06 (m, 7H), 1.0-0.89 (m, 7H); 
13
C NMR (125 MHz, CDCl3) δ 139.7, 128.4, 
128.3, 127.1, 65.0, 56.9, 54.8, 17.0, 16.5, 13.1, 12.1;
29






N,N, diethyl-2,2-diisopropyl-1, 3, 2 dioxasilinan-5-amine (45) 
54%; 
1
H NMR (300 MHz, CDCl3) δ 4.12 (dd, J=4.3, 10.8, 2H), 4.01 (t, J=4.3, 2H), 
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APPENDIX B  





















2-hydroxybenzaldehyde (1) kinetic experiment 































































































































Integrations of kinetic data for 4-methoxybenzaldehyde (10) 
 
Time 





0 0 1 0.15 -1.897 
2 0.01 0.99009901 0.148514851 -1.907 
4 0.02 0.980392157 0.147058824 -1.916 
6 0.03 0.970873786 0.145631068 -1.926 
8 0.05 0.952380952 0.142857143 -1.945 
10 0.06 0.943396226 0.141509434 -1.955 
12 0.07 0.934579439 0.140186916 -1.964 
14 0.09 0.917431193 0.137614679 -1.983 
16 0.1 0.909090909 0.136363636 -1.992 
18 0.12 0.892857143 0.133928571 -2.010 
20 0.13 0.884955752 0.132743363 -2.019 
22 0.14 0.877192982 0.131578947 -2.028 
24 0.16 0.862068966 0.129310345 -2.045 
26 0.17 0.854700855 0.128205128 -2.054 
28 0.19 0.840336134 0.12605042 -2.071 
30 0.2 0.833333333 0.125 -2.079 
32 0.22 0.819672131 0.12295082 -2.096 
34 0.24 0.806451613 0.120967742 -2.112 
36 0.25 0.8 0.12 -2.120 
38 0.27 0.787401575 0.118110236 -2.136 
40 0.28 0.78125 0.1171875 -2.144 
42 0.3 0.769230769 0.115384615 -2.159 
44 0.31 0.763358779 0.114503817 -2.167 
46 0.32 0.757575758 0.113636364 -2.174 
48 0.35 0.740740741 0.111111111 -2.197 
50 0.36 0.735294118 0.110294118 -2.204 
52 0.38 0.724637681 0.108695652 -2.219 
54 0.4 0.714285714 0.107142857 -2.233 
56 0.41 0.709219858 0.106382979 -2.240 
58 0.43 0.699300699 0.104895105 -2.254 






Integrations of kinetic data for 4-((triisopropylsilyl)oxy)benzaldehyde (7) 
 
Time 





0 0 1 0.15 -1.897 
2 0.02 0.980392157 0.147058824 -1.916 
4 0.05 0.952380952 0.142857143 -1.945 
6 0.08 0.925925926 0.138888889 -1.974 
8 0.11 0.900900901 0.135135135 -2.001 
10 0.14 0.877192982 0.131578947 -2.028 
12 0.17 0.854700855 0.128205128 -2.054 
14 0.21 0.826446281 0.123966942 -2.087 
16 0.25 0.8 0.12 -2.120 
18 0.3 0.769230769 0.115384615 -2.159 
20 0.35 0.740740741 0.111111111 -2.197 
22 0.41 0.709219858 0.106382979 -2.240 
24 0.46 0.684931507 0.102739726 -2.275 
26 0.51 0.662251656 0.099337748 -2.309 
28 0.57 0.636942675 0.095541401 -2.348 
30 0.63 0.613496933 0.09202454 -2.385 
32 0.68 0.595238095 0.089285714 -2.415 
34 0.75 0.571428571 0.085714286 -2.456 
36 0.8 0.555555556 0.083333333 -2.484 
38 0.85 0.540540541 0.081081081 -2.512 
40 0.9 0.526315789 0.078947368 -2.539 
42 0.95 0.512820513 0.076923077 -2.564 
44 1 0.5 0.075 -2.590 
46 1.05 0.487804878 0.073170732 -2.615 
48 1.08 0.480769231 0.072115385 -2.629 
50 1.13 0.469483568 0.070422535 -2.653 
52 1.19 0.456621005 0.068493151 -2.681 
54 1.22 0.45045045 0.067567568 -2.694 
56 1.28 0.438596491 0.065789474 -2.721 
58 1.32 0.431034483 0.064655172 -2.738 







Integrations of kinetic data for 4-((tert-butyldimethylsilyl)oxy)benzaldehyde (6) 
 
Time 
(min) Imine Integral 
% CHO 
remaining [CHO] 1st order  
0 0 1 0.15 -1.897 
2 0.01 0.99009901 0.148514851 -1.907 
4 0.15 0.869565217 0.130434783 -2.036 
6 0.27 0.787401575 0.118110236 -2.136 
8 0.41 0.709219858 0.106382979 -2.240 
10 0.55 0.64516129 0.096774194 -2.335 
12 0.71 0.584795322 0.087719298 -2.433 
14 0.87 0.534759358 0.080213904 -2.523 
16 1.04 0.490196078 0.073529412 -2.610 
18 1.21 0.452488688 0.067873303 -2.690 
20 1.38 0.420168067 0.06302521 -2.764 
22 1.54 0.393700787 0.059055118 -2.829 
24 1.69 0.371747212 0.055762082 -2.886 
26 1.86 0.34965035 0.052447552 -2.947 
28 2 0.333333333 0.05 -2.995 
30 2.17 0.315457413 0.047318612 -3.050 
32 2.28 0.304878049 0.045731707 -3.085 
34 2.44 0.290697674 0.043604651 -3.132 
36 2.57 0.280112045 0.042016807 -3.169 
38 2.66 0.273224044 0.040983607 -3.194 
40 2.85 0.25974026 0.038961039 -3.245 
42 2.96 0.252525253 0.037878788 -3.273 
44 3.12 0.242718447 0.036407767 -3.313 
46 3.2 0.238095238 0.035714286 -3.332 
48 3.29 0.233100233 0.034965035 -3.353 
50 3.48 0.223214286 0.033482143 -3.396 
52 3.42 0.226244344 0.033936652 -3.383 
54 3.62 0.216450216 0.032467532 -3.427 
56 3.73 0.21141649 0.031712474 -3.451 
58 3.92 0.203252033 0.030487805 -3.490 







Integrations of kinetic data for 4-hydroxybenzaldehyde (5) 
 
Time 





0 0 1 0.15 -1.897 
2 -0.1 1.111111111 0.166666667 -1.791 
4 -0.08 1.086956522 0.163043478 -1.813 
6 -0.03 1.030927835 0.154639175 -1.866 
8 -0.02 1.020408163 0.153061224 -1.876 
10 0.02 0.980392157 0.147058824 -1.916 
12 0.08 0.925925926 0.138888889 -1.974 
14 0.15 0.869565217 0.130434783 -2.036 
16 0.22 0.819672131 0.12295082 -2.096 
18 0.28 0.78125 0.1171875 -2.144 
20 0.33 0.751879699 0.112781955 -2.182 
22 0.38 0.724637681 0.108695652 -2.219 
24 0.43 0.699300699 0.104895105 -2.254 
26 0.48 0.675675676 0.101351351 -2.289 
28 0.55 0.64516129 0.096774194 -2.335 
30 0.61 0.621118012 0.093167702 -2.373 
32 0.69 0.591715976 0.088757396 -2.421 
34 0.8 0.555555556 0.083333333 -2.484 
36 0.86 0.537634409 0.080645161 -2.517 
38 0.95 0.512820513 0.076923077 -2.564 
40 1.01 0.497512438 0.074626866 -2.595 
42 1.09 0.4784689 0.071770335 -2.634 
44 1.22 0.45045045 0.067567568 -2.694 
46 1.31 0.432900433 0.064935065 -2.734 
48 1.41 0.414937759 0.062240664 -2.776 
50 1.53 0.395256917 0.059288538 -2.825 
52 1.63 0.380228137 0.057034221 -2.864 
54 1.75 0.363636364 0.054545455 -2.908 
56 1.92 0.342465753 0.051369863 -2.968 
58 2.11 0.321543408 0.048231511 -3.031 







Integrations of kinetic data for 2-methoxybenzaldehyde (9) 
 
Time 





0 0 1 0.15 -1.897 
2 0.01 0.99009901 0.148514851 -1.907 
4 0.03 0.970873786 0.145631068 -1.926 
6 0.05 0.952380952 0.142857143 -1.945 
8 0.06 0.943396226 0.141509434 -1.955 
10 0.08 0.925925926 0.138888889 -1.974 
12 0.1 0.909090909 0.136363636 -1.992 
14 0.12 0.892857143 0.133928571 -2.010 
16 0.14 0.877192982 0.131578947 -2.028 
18 0.15 0.869565217 0.130434783 -2.036 
20 0.17 0.854700855 0.128205128 -2.054 
22 0.19 0.840336134 0.12605042 -2.071 
24 0.21 0.826446281 0.123966942 -2.087 
26 0.23 0.81300813 0.12195122 -2.104 
28 0.25 0.8 0.12 -2.120 
30 0.26 0.793650794 0.119047619 -2.128 
32 0.28 0.78125 0.1171875 -2.144 
34 0.3 0.769230769 0.115384615 -2.159 
36 0.32 0.757575758 0.113636364 -2.174 
38 0.34 0.746268657 0.111940299 -2.189 
40 0.36 0.735294118 0.110294118 -2.204 
42 0.38 0.724637681 0.108695652 -2.219 
44 0.4 0.714285714 0.107142857 -2.233 
46 0.42 0.704225352 0.105633803 -2.247 
48 0.44 0.694444444 0.104166667 -2.261 
50 0.46 0.684931507 0.102739726 -2.275 
52 0.49 0.67114094 0.100671141 -2.295 
54 0.51 0.662251656 0.099337748 -2.309 
56 0.53 0.653594771 0.098039216 -2.322 
58 0.55 0.64516129 0.096774194 -2.335 







Integrations of kinetic data for 2-((triisopropylsilyl)oxy)benzaldehyde (3) 
 
Time 





0 0 1 0.15 -1.897 
2 1.03 0.492610837 0.073891626 -2.605 
4 2.16 0.316455696 0.047468354 -3.047 
6 3.95 0.202020202 0.03030303 -3.496 
8 7.14 0.122850123 0.018427518 -3.993 
10 12.97 0.071581961 0.010737294 -4.534 
12 27.94 0.03455425 0.005183138 -5.262 




Integrations of kinetic data for 2-((tert-butyldiphenylsilyl)oxy)benzaldehyde (4) 
 
Time 
(min) Imine Integral 
% CHO 
remaining [CHO] 1st order  
0 0 1 0.15 -1.897 
2 0.11 0.900900901 0.135135135 -2.001 
4 0.24 0.806451613 0.120967742 -2.112 
6 0.5 0.666666667 0.1 -2.302 
8 0.89 0.529100529 0.079365079 -2.533 
10 1.43 0.411522634 0.061728395 -2.785 
12 2.22 0.310559006 0.046583851 -3.066 
14 3.4 0.227272727 0.034090909 -3.378 
16 5.29 0.158982512 0.023847377 -3.736 
18 8.86 0.101419878 0.015212982 -4.185 
20 18.41 0.051519835 0.007727975 -4.862 
22 66.79 0.014751438 0.002212716 -6.113 






Integrations of kinetic data for 2-((tert-butyldimethylsilyl)oxy)benzaldehyde (2) 
 
Time 





0 0 1 0.15 -1.897 
2 2 0.333333333 0.05 -2.995 
4 9.18 0.098231827 0.014734774 -4.217 
6 142.64 0.006961849 0.001044277 -6.864 
 
 
Integrations of kinetic data for 2-hydroxybenzaldehyde (1) 
 
Time 
(min) Imine Integral 
% CHO 
remaining [CHO]   
1st 
order  
0 0 1 0.15   -1.897 

























H 1-(2,2-di-tert-butyl-1,3,2 dioxasillan-4-yl)-N, N-dimethylmathanamine (41) 
  
 




































































































































































































































































































































































































































H N,N, diethyl-2,2-diisopropyl-1, 3, 2 dioxasilinan-5-amine (45) and crotonaldehyde  
-55°C 
 
